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SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Kiyoshi Sukegawa, a citizen 
of Japan residing at Kawasaki - shi , Kanagawa, Japan and 
Yasuhiro Ono, a citizen of Japan residing at Kawasaki-shi , 
Kanagawa, Japan have invented certain new and useful 
improvements in 

TRANSMISSION LINE MONITORING METHOD AND APPARATUS 

of which the following is a specification : - 
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TITLE OF THE INVENTION 

TRANSMISSION LINE MONITORING METHOD AND 

APPARATUS 

5 BACK GR OUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to 
a transmission line method and apparatus , and more 
particularly to a transmission line monitoring 
10 method and apparatus which can pinpoint where a 

fault occurs among apparatus connected by optical 
transmission lines. 

2. Description of the Related Art 
Recently, a network of optical fibers has 

15 been laid near to user's houses. This kind of 

optical fiber network has a maintenance management 
function of roughly specifying where a fault is when 
the fault occurs. 

For example, the maintenance management 

20 function is described with reference to Fig. 1 

showing a conventional transmission line monitoring 
apparatus. The conventional apparatus comprises a 
service station 10, a user house 20, an optical 
fiber transmission down line 40 and an optical fiber 

25 transmission up line 42. 

The service station 10 includes a station 
apparatus 12 such as an optical terminal apparatus 
disposed therein. The user house 20 includes a 
terminal apparatus 22 and an in-house apparatus 24 

30 such as a DSU (Digital Service Unit) with an 

optical/electric converting function. In general, 
the station apparatus 12 is referred to as a host 
apparatus and the in-house apparatus 2 4 as a lower 
apparatus . 

35 For example, the station apparatus 12 and 

in-house apparatus 24 both have return points for 
distinguishing a location of a fault. In particular. 
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the in-house apparatus 24 has a return point near 
the terminal apparatus 22, and, at this return point 
it can be distinguished whether the fault has 
occurred in the terminal apparatus 22 or on the host 
5 side including the in-house apparatus 24 and the 
host apparatus 12. 

At the return point of the in-house 
apparatus 24, an optical- to-electric converter 28 
converts an optical signal received from the station 

10 apparatus 12 into an electric signal. The converted 
electric signal is transmitted to an 
electric/optical converter 30 via a returning 
processor 26. Then the electric/optical converter 
30 converts the received electric signal into an 

15 optical signal and the converted optical signal is 
further transmitted to the station apparatus 12. 

In a case in which an out -of -phase of a 
received signal or an abnormality of the 
transmission up line 42 is detected in the station 

20 apparatus 12, it can be confirmed that a fault has 
occurred in the in-house apparatus 24 or in the 
optical fiber transmission up line 42. In this case 
it is needed to go to the user house 20 to change 
the in-house apparatus 24 disposed therein. After 

25 that, if the fault is removed, then it can be 

determined that the fault occurred in the in-house 
apparatus 24. If the fault is not removed even 
after the in-house apparatus 24 is changed, then it 
is needed to go to check the optical fiber 

30 transmission up line 42. 

In a case in which an out-of-phase of a 
received signal or an abnormality of the 
transmission down line 40 is detected in the user 
house 20, it can be confirmed that a fault has 

35 occurred in the in-house apparatus 24 or in the 

optical fiber transmission down line 40. In this 
case, it is needed to go to the user house 20 to 
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change the in-house apparatus 24 disposed therein. 
After that, if the fault is removed, it can be 
determined that the fault occurred in the in-house 
apparatus 24. If the fault is not removed even 
5 after the in-house apparatus 24 is changed, then it 
is needed to go to check the optical fiber 
transmission down line 40. 

As mentioned above, at the return point of 
the in-house apparatus 24, it can be distinguished 

10 whether a fault position is in the terminal 22 or on 
its host side including the in-house apparatus 24. 
Further, at the return point of the station 
apparatus 12, it can be distinguished whether a 
fault -occurring position is on the host side of the 

15 station apparatus 12, or on the lower side including 
the in-house apparatus 24, the optical fiber 
transmission down line 40 and the optical fiber 
transmission up line 42. 

However, at the return points of the 

20 conventional transmission line monitoring apparatus, 
a fault position cannot be distinguished between the 
in-house apparatus 24 and the optical fiber 
transmission down and up lines 40, 42. 

Hence, in a case where a fault occurs in 

25 any one of the in-house apparatus 24, the optical 
fiber transmission down line 40, and the optical 
fiber transmission up line 42, a position of the 
fault cannot be accurately determined without 
performing a field survey. Performing such a field 

30 survey increases man-hours. 

Furthermore, if a power supply of the in- 
house apparatus 24 in the user house 20 is 
disconnected, the conventional transmission line 
monitoring apparatus cannot work normally. 

35 

S UMMARY OF THE INVENTI ON 



It is a general object of the present 



-4- 



invention to provide a transmission line monitoring 
method and apparatus by which method and apparatus 
the above disadvantages are eliminated. 

A more specific object of the present 
5 invention is to provide a transmission line 

monitoring method and apparatus , by which method and 
apparatus it can be distinctively determined whether 
a fault occurs in an in-house apparatus or in an 
optical transmission line without the need to go to 

10 check a power state of the in-house apparatus. 

The above objects and other objects of the 
present invention are achieved by a transmission 
line monitoring apparatus for monitoring faults 
occurred in a transmission line and in apparatus 

15 connected to the transmission line, the transmission 
line monitoring apparatus comprising: 

a first optical coupling unit which 
couples a down data signal of a first wavelength and 
an examination signal of a second wavelength so as 

20 to transmit a first coupled signal to a lower 
apparatus ; 

a first optical dividing unit which 

receives the first coupled signal from the optical 

coupling unit so as to divide the first coupled 
25 signal into the down data signal with the first 

wavelength and the examination signal with the 

second wavelength; 

a second optical coupling unit which 

couples an up data signal with the first wavelength 
30 and the examination signal from the first optical 

dividing unit so as to transmit a second coupled 

signal toward a host apparatus; 

a second optical dividing unit which 

receives the second coupled signal from the second 
3 5 optical coupling unit so as to divide the second 

coupled signal into the up data signal with the 

first wavelength and the examination signal with the 
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second wavelength; and 

a monitoring unit which monitors a fault 
and a location of the fault. 

Thus, a construction consisting of the 
5 host apparatus, the optical transmission line and 
the lower apparatus can carry out an optical signal 
return examination. Hence, when a fault occurs, it 
is easy to distinguish whether the fault occurs in 
the optical transmission line or in the lower 
10 apparatus. 

For example, in a case where maintenance 
of the optical transmission line and the lower 
apparatus is managed by a method of the related art , 
it is needed to perform a fault distinction by a 
15 field survey. According to the present invention, 
since the fault distinction can be performed 
beforehand, it is possible to rapidly handle the 
fault and save cost without the field survey. 

The transmission line monitoring apparatus 
20 may be configured such that the first optical 

coupling unit, the first optical dividing unit, the 
second optical coupling unit, and the second optical 
dividing unit are formed of passive elements. 

Thus, the fault can be distinguished 
25 without the need to go to check a power state of the 
lower apparatus . 

The transmission line monitoring apparatus 
may further comprise a first examination signal 
generator for generating the examination signal with 
30 the second wavelength. 

Thus, the fault can be distinguished 
without affecting the data signal with the first 
wavelength . 

The transmission line monitoring apparatus 
35 may be configured such that the monitoring unit 
includes an alarm information output unit which 
monitors a signal level of the examination signal 
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with the second wavelength so as to output alarm 
Information If the signal level is lower than a 
predetermined signal level; and an alarm information 
displaying/ transferring unit which, when the alarm 
5 information is outputted, displays the alarm 

information and inserts the alarm information into 
the up data signal to be transmitted to the host 
apparatus . 

Thus, faults occurring in the optical 

10 transmission line, the host apparatus, and the lower 
apparatus can be detected. Furthermore, when the 
faults are detected, alarm information about the 
faults is displayed by the display unit such as an 
LED or the like and is transmitted to a host side by 

15 inserting the alarm information into the up data 
signal to be sent to the host side. 

The transmission line monitoring apparatus 
may further comprise a second examination signal 
generator which divides an input down data signal 

20 into two signals, one signal being converted into 

the down data signal with the first wavelength, the 
other signal being converted into the examination 
signal with the second wavelength. 

Thus, a circuit for generating the 

25 examination signal with the second wavelength can be 
simplified. 

The transmission line monitoring apparatus 
may be configured such that the monitoring unit 
includes : 

30 an error information output unit which 

generates an original down data signal from the 
examination signal with the second wavelength and, 
based on the original down data signal, outputs 
synchronous error information and data signal error 

35 information; and 

an error information 
displaying/ transferring unit which, when the 
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synchronous error information and the data signal 
error information are outputted, displays the error 
information and inserts the error information into 
the up data signal to be transmitted to the host 
5 apparatus . 

Thus, it is possible to output the 
synchronous error information for monitoring an 
abnormality in a transmission line and the data 
signal error information for monitoring a 

10 transmission line state such as a transmission line 
inferior state or the like. 

Further, in a case where a fault has been 
detected, the error information can be displayed by 
an LED or the like and transmitted to the host side 

15 by inserting the error information into the up data 
signal to be transmitted to the host side. 

The transmission line monitoring apparatus 
may further comprise a first control unit which 
controls start and stop of the first examination 

20 signal generator. 

Thus, it is possible to save power by 
stopping the first examination signal generator in a 
case where the transmission line monitoring 
apparatus of the present invention is not needed. 

25 The transmission line monitoring apparatus 

may further comprise a second control unit which 
controls start and stop of the alarm information 
output unit and start and stop of the alarm 
information displaying/transferring unit. 

30 Thus, it is possible to save power by 

stopping the alarm information output unit and alarm 
information displaying/transferring unit in a case 
where the transmission line monitoring apparatus of 
the present invention is not needed. 

35 The transmission line monitoring apparatus 

may further comprise a timer which manages the first 
control unit at given intervals. 
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Thus, the transmission line monitoring 
apparatus of the present invention can be operated 
at the given intervals . 

The transmission line monitoring apparatus 
5 may further comprise a command detecting unit which 
detects a command signal included in the down data 
signal so as to manage the first control unit based 
on the command signal. 

Thus, an apparatus further positioned on a 
10 higher side can control the transmission line 
monitoring apparatus of the present invention. 
Hence, it is possible to save power because an 
optical transmission line may be monitored only when 
the host apparatus judges that it is needed to 
15 monitor the transmission line. 

The above-mentioned objects of the present 
invention can be obtained by a transmission line 
monitoring method for monitoring faults occurred in 
a transmission line and in apparatus connected to 
20 the transmission line. The transmission line 
monitoring method comprises the steps of: 

(a) coupling a down data signal with a 
first wavelength and an examination signal with a 
second wavelength so as to transmit a first coupled 

2 5 signal to a lower apparatus; 

(b) receiving the first coupled signal and 
dividing the first coupled signal into the down data 
signal with the first wavelength and the examination 
signal with the second wavelength; 

30 (c) coupling an up data signal with the 

first wavelength and the examination signal with the 
second wavelength so as to transmit a second coupled 
signal towards a host apparatus; 

(d) receiving the second coupled signal 

35 and dividing the second coupled signal into the up 
data signal with the first wavelength and the 
examination signal with the second wavelength; and 
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(e) monitoring a fault and a location of 

the fault. 

Thus, a construction consisting of the 
host apparatus, the optical transmission line and 
the lower apparatus can carry out an optical signal 
return examination. Hence, it is easy to 
distinguish whether the fault occurred in the 
optical transmission line or in the lower apparatus. 

Other objects, features and advantages of 
the present invention will become more apparent from 
the following detailed description when read in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAW IN GS 

Fig. 1 is a block schematic diagram for 
illustrating a conventional transmission line 
monitoring apparatus; 

Fig. 2 is a block diagram for illustrating 
a transmission line monitoring apparatus of a first 
embodiment according to the present invention; 

Fig. 3 is a block diagram for illustrating 
an optical signal (optical level) generator of the 
first embodiment according to the present invention; 

Fig. 4 is a block diagram for illustrating 
a transmitting WDM portion of the first embodiment 
according to the present invention ; 

Fig. 5 is a block diagram for illustrating 
a receiving WDM portion of the first embodiment 
according to the present invention; 

Fig. 6 is a block diagram for illustrating 
an optical signal (optical level) receiving portion 
of the first embodiment according to the present 
invention; 

Fig. 7 is a block diagram for illustrating 
an optical fiber alarm displaying/transmitting 
portion of the first embodiment according to the 
present invention; 
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Fig. 8 is a view showing timing of input 
and output signals of the optical fiber alarm 
displaying/transmitting portion of the first 
embodiment according to the present invention; 
5 Fig. 9 is a block diagram for illustrating 

a transmission line monitoring apparatus of a second 
embodiment according to the present invention; 

Fig. 10 is a block diagram for 
illustrating an optical examination data generating 
10 portion of the second embodiment according to the 
present invention; 

Fig. 11 is a block diagram for 
illustrating a transmission line monitoring 
y apparatus of a third embodiment according to the 

JE 15 present invention; 

+> Fig. 12 is a block diagram for 

jk illustrating an optical examination data receiving 

IB portion; 

%M Fig. 13 is a view showing an example of a 

2 0 synchronous processing of the third embodiment 
!=* according to the present invention; 

!= Fig. 14 is a block diagram for 

=fj illustrating a transmission line monitoring 

h G apparatus of a fourth embodiment according to the 

25 present invention; 

Fig. 15 is a block diagram for 
illustrating an optical transmission control portion 
of the fourth embodiment according to the present 
invention; 

30 Fig. 16 is a block diagram for 

illustrating a transmission line monitoring 
apparatus of a fifth embodiment according to the 
present invention; 

Fig. 17 is a block diagram for 

35 illustrating a transmission line monitoring 

apparatus of a sixth embodiment according to the 
present invention; 
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Fig. 18 is a block diagram for 
illustrating a timer of the sixth embodiment 
according to the present invention; 

Fig. 19 is a block diagram for 
5 illustrating a transmission line monitoring 

apparatus of a seventh embodiment according to the 
present invention; 

Fig. 20 is a block diagram for 
illustrating an examination control command signal 
10 of the seventh embodiment according to the present 
invention; and 

Fig. 21 is a block diagram for 
illustrating a command detecting portion of the 
seventh embodiment according to the present 
15 invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 2 is a block diagram for illustrating 
a transmission line monitoring apparatus of a first 

20 embodiment according to the present invention. 

In this diagram, a receiving frame 
converter 50 of a station apparatus 12 in a service 
station 10 receives a data signal from a host 
apparatus (not shown) . The receiving frame 

25 converter 50 converts a frame of the received data 
signal and transmits a converted signal to an 
electric/optical converter 60. 

The electric/optical converter 60 converts 
the data signal into an optical signal with a 

30 wavelength of A 1 and transmits the optical signal 
to a transmitting WDM (wavelength division 
multiplex) portion 70. On the other hand, an 
optical signal (optical level) generator 80 of the 
station apparatus 12 generates an optical signal 

35 with a wavelength of A 2 as an examination signal 

and then transmits the optical examination signal to 
the transmitting WDM portion 70. 
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The transmitting WDM portion 70 
multiplexes the two optical signals to produce a 
multiplexed optical signal with a wavelength of ( A 
1+A2). Thereafter, the transmitting WDM portion 70 
5 transmits the multiplexed optical signal to a 

receiving WDM2 portion 200 of an in-house apparatus 
24 via an optical fiber transmitting down line 40. 

The receiving WDM 2 portion 200 divides the 
multiplexed optical signal into a data signal with 

10 the wavelength of A 1 and an examination signal with 
the wavelength of A 2. Thereafter, the receiving 
WDM2 portion 200 transmits the data signal with the 
wavelength of A 1 to an optical/electric converter 
210 and the examination signal with the wavelength 

15 of A 2 to a transmitting WDM portion 270. 

The transmitting WDM portion 270 receives 
a data signal with the wavelength of A 1 from an 
electric/optical converter 260, and the examination 
signal with the wavelength of A 2 and multiplexes 

20 the two received optical signals to produce an 
optical signal with the wavelength of (A1+A2). 
After that, the transmitting WDM portion 270 
transmits the multiplexed optical signal to a 
receiving WDM portion 90 of the station apparatus 12 

25 via an optical fiber transmitting up line 42. 

In addition, the examination signal with 
the wavelength of A 2 is formed to be a return 
signal by means of the receiving WDM 2 portion 200 
and the transmitting WDM portion 270 which portions 

30 are passive elements, and therefore the examination 
signal can return regardless of a state of a power 
supply of the in-house apparatus 24. 

On the other hand, the data signal with 
the wavelength of A 1 is transmitted to and 

35 converted by the optical/electric converter 210 of 
the in-house apparatus 24, and thereafter is 
transmitted to a transmission line synchronous frame 
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converter 220. The transmission line synchronous 
frame converter 220 further transmits the data 
signal to a terminal 2 2 and, at the same time, to a 
transmission line synchronous frame converter 250 
5 via a receiving alarm processor 230 and a 
transmitting alarm processor 240. 

The transmission line synchronous frame 
converter 250 inserts the data signal transmitted 
from the receiving alarm processor 230 and 

10 transmitting alarm processor 240 into a data signal 
transmitted by the terminal 22, and then transmits 
the resulting data signal to the electric/optical 
converter 260. 

The receiving WDM portion 90 of the 

15 station apparatus 12 divides the multiplexed optical 
signal into a data signal with the wavelength of A 1 
and an examination signal with the wavelength of A 2 . 
Thereafter, the receiving WDM portion 90 transmits 
the data signal with the wavelength of A 1 to an 

20 optical/electric converter 100 and the examination 
signal with the wavelength of A 2 to an optical 
level monitoring portion 120. 

The optical level monitoring portion 120 
monitors an optical signal level of the examination 

25 signal with the wavelength of A 2. If the optical 
signal level is lower than a given level, the 
optical level monitoring portion 120 supplies an 
optical fiber alarm information display/ transferring 
portion 130 with alarm information indicating that a 

30 transmission line through which the examination 

signal has passed is abnormal. The optical fiber 
alarm information display/ transferring portion 130 
displays the alarm information and transmits the 
alarm information to a transmission line synchronous 

35 transmitting frame converter 110. 

The transmission line synchronous 
transmitting frame converter 110 inserts the alarm 
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information transmitted from the optical fiber alarm 
information display/transferring portion 130 into 
the data signal transmitted from the 
optical/electric converter 100, and transmits the 
5 resulting data signal to a host side of the service 
station 10. Thus , the alarm information showing an 
abnormality in the transmission line is transmitted 
to the host side by being inserted into the data 
signal . 

10 Fig. 3 is a block diagram for illustrating 

the optical signal (optical level) generator 80. 
The optical signal generator 80 includes a LD (laser 
diode) driver stopping circuit portion 81, a LD 
driver portion 82 and a LD 83. The LD driver 

15 portion 82 determines an optical signal output level 
and supplies the LD 83 with a signal corresponding 
to the optical signal output level. The LD 83 
performs an electrical-to-optical conversion of the 
supplied signal into an examination data signal with 

20 the wavelength of A 2 and outputs the examination 

data signal. In addition, when supplied with a stop 
signal to be described later, the LD driver stopping 
circuit portion 81 stops the LD driver portion 82 
from operating. 

25 Fig. 4 is a block diagram for illustrating 

the transmitting WDM portion 70. The transmitting 
WDM portion 70 includes an optical coupler 71. The 
optical coupler 71 is supplied with a signal with 
the wavelength of A 1 and a signal with the 

30 wavelength of A 2, and divides and multiplexes the 
two signals so as to output a signal with the 
wavelength of (Al+A2). In addition, the 
transmitting WDM portion 70 is formed of passive 
elements . 

35 Fig. 5 is a block diagram for illustrating 

the receiving WDM 2 portion 200. The receiving WDM 2 
portion 200 includes an optical separator 201 and 
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optical filters 202, 203. The optical separator 201 
is supplied with a signal with the wavelength of ( A 
1+A2) which signal is obtained by dividing-and- 
multiplexing a signal with the wavelength of A 1 and 
5 a signal with the wavelength of A 2, and functions 
to separate the divided-and-multiplexed signal with 
the wavelength of (Al+A2) into two parts. 

The optical separator 201 supplies one 
part of the divided-and-multiplexed signal with the 

10 wavelength of (A1+A2) to the optical filter 202 

and the other part to the optical filter 203. The 
optical filter 202 only passes through the optical 
signal with the wavelength of A 1 and therefore only 
outputs the optical signal with the wavelength of A 

15 1 from the supplied divided-and-multiplexed signal 
with the wavelength of (A1+A2). The optical 
filter 203 only pass through the optical signal with 
the wavelength of A 2 and therefore only outputs the 
optical signal with the wavelength of A 2 from the 

20 supplied divided-and-multiplexed signal with the 
wavelength of (A1+A2). 

Fig. 6 is a block diagram for illustrating 
the optical level monitoring portion 120. The 
optical level monitoring portion 120 includes a PD 

25 (photo-diode) 121, an optical level detecting 

portion 122, and an optical-level-detection stopping 
circuit portion 123. 

The PD 121 is supplied with an examination 
signal with the wavelength of A 2 and sends to the 

30 optical level detecting portion 122 a signal 

corresponding to an optical signal level of the 
examination signal with the wavelength of A 2. The 
optical level detecting portion 122 detects the 
optical signal level of the examination signal based 

35 on the signal sent from the PD 121. If the optical 
signal level is lower than a given level, the 
optical level detecting portion 122 outputs alarm 
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information showing an abnormality in a transmission 
line through which the examination signal has passed 
In addition, if supplied with a stop signal to be 
described later, the optical-level-detection 
5 stopping portion 123 stops the optical level 
detecting portion 122 from operating. 

Fig. 7 is a block diagram for illustrating 
the optical fiber alarm information 

display/transferring portion 130, which portion 130 

10 includes a receiving portion 132, a lamp lighting 
driver 133, a pulse generator 134, and an alarm 
information re-timing portion 135. 

When supplied with a timing pulse signal 
from the transmission line synchronous transmitting 

15 frame converter 110 as shown by (B) of Fig. 8, the 
pulse generator 134 transmits a clock signal and a 
frame signal to the alarm information re -timing 
portion 135 as shown by (C) of Fig. 8. When 
supplied with alarm information indicating a 

20 transmission line abnormality as shown by (A) of Fig 
8, the receiving portion 132 sends the alarm 
information to the lamp-lighting driver 133 and the 
alarm information re-timing portion 135. 

When supplied with alarm information, 

25 according to timing of the clock signal and the 
frame signal, the alarm information re- timing 
portion 135 sends the alarm information to the 
transmission line synchronous transmitting frame 
converter 110 as shown by (E) of Fig. 8. 

30 When supplied with alarm information 

indicating a transmission line abnormality, the lamp 
lighting driver 133 displays the alarm information. 
The alarm information may be displayed by various 
methods, such as lighting a lamp, LED or the like. 

35 In addition, when supplied with a stop signal from 

an optical transmitting/receiving control portion to 
be described later, the pulse generator 134 and the 
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lamp lighting driver 133 stop. Further, the alarm 
information includes synchronous errors and data 
signal errors. 

As mentioned above, the transmission line 
5 monitoring apparatus of the first embodiment can 

distinctively determine whether a fault has occurred 
in the in-house apparatus 24 or in the optical fiber 
transmission lines 40, 42 without the need to go to 
check the power state of the in-house apparatus 24. 

10 Next, a second embodiment of the present 

invention will be described with reference to Fig. 9. 
Fig. 9 illustrates a transmission line monitoring 
apparatus. The transmission line monitoring 
apparatus of Fig. 9 comprises an optical examination 

15 data generating portion 300 instead of the optical 
signal generator 80 of Fig. 1. Accordingly, the 
transmission line monitoring apparatus of Fig. 9 is 
basically the same as that of Fig. 1, and the same 
portions are given the same reference numerals and a 

20 description thereof is omitted. 

The optical examination data generating 
portion 300 converts a data signal from the 
receiving frame converter 50 into an optical signal 
with the wavelength of A 1 and an optical signal 

2 5 with the wavelength of A 2 and supplies the two 

optical signals to the transmitting WDM portion 70. 

Hereinafter, a detailed description of the 
optical examination data generating portion 300 will 
be given with reference to Fig. 10. Fig. 10 is a 

30 block diagram for illustrating the optical 

examination data generating portion 300 which 
includes a LD driver 301, a data signal LD 302, and 
an examination signal LD 303. 

The LD driver 301 receives and transmits a 

35 data signal to the data signal LD 302 and the 

examination signal LD 303. The data signal LD 302 
performs an electric/optical conversion of the 
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received data signal into a data signal with the 
wavelength of A 1 and outputs the converted data 
signal with the wavelength of Al. The examination 
signal LD 303 performs an electric/optical 
5 conversion of the received data signal into a data 
signal with the wavelength of A 2 and outputs the 
converted data signal with the wavelength of A 2. 

As mentioned above, the transmission line 
monitoring apparatus of the second embodiment uses a 
10 data signal to generate an examination signal, and 
thereby an individual circuit for generating the 
examination signal is not needed. Hence, circuits 
in the transmission line monitoring apparatus can be 
simplified. 

15 Next, a third embodiment of the present 

invention will be described with reference to Fig. 
11. A transmission line monitoring apparatus shown 
in Fig. 11 has an optical examination data receiving 
portion 310 instead of the optical level monitoring 

20 portion 120 shown in Fig. 9. Accordingly, the 

transmission line monitoring apparatus of Fig. 11 is 
similar to that of Fig. 9, and the same portions are 
given the same reference numerals and a description 
thereof is omitted. 

2 5 The optical examination data receiving 

portion 310 receives an examination signal with the 
wavelength of A 2 from the receiving WDM portion 90 
and performs an optical/electric conversion of the 
optical signal into an original data signal so as to 

30 detect a synchronous error and a data signal error 
by using the data signal. For example, the 
synchronous error shows a transmission line 
abnormality and the data error shows a transmission 
line state. It should be noted that a data signal 

35 supplied from the receiving frame converter 50 is 
used as an examination signal. The optical 
examination data receiving portion 310 sends the 
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detected synchronous error and data signal error to 
the optical fiber alarm information 
display/transferring portion 130. 

A detailed description of the optical 
5 examination data receiving portion 310 will be given 
with reference to Fig. 12. Fig. 12 shows the 
optical examination data receiving portion 310 
including a PD 311, an optical-level-detection 
stopping circuit portion 312, an electrical signal 

10 regulating portion 313 and a synchronous processing 
portion 314. 

The PD 311 receives an examination signal 
with the wavelength of A 2 and performs an 
optical/electric conversion of the examination 

15 signal into an original data signal. The original 
data signal is transmitted to the electrical signal 
regulating portion 313, in which reshaping, re- 
timing and regenerating are performed for the 
original data signal. Thereafter, the processed 

20 data signal is transmitted from the electrical 

signal regulating portion 313 to the synchronous 
processing portion 314 in which a synchronous 
processing is carried out for the data signal. 

The synchronous processing will be 

25 described with reference to Fig. 13. Fig. 13 

illustrates an example of the synchronous processing. 
As shown by (A) of Fig. 13, the synchronous 
processing of a data signal includes detection of a 
synchronous error by detecting frame synchronous 

30 bits which are included in the data signal. A 
reference character "F" denotes the frame 
synchronous bits and "D" denotes data regions. 

In (B) of Fig. 13, an example of a bit- 
string of the frame synchronous bits is illustrated. 

35 Herein, Fl, F3 and F5 are used as synchronous bits, 
F2 and F4 are used as CRC error detecting bits, and 
F6 is used as an alarm information bit. The 
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synchronous error is detected by the synchronous 
bits at the same time the data signal error is 
detected by the CRC error detecting bits. Thus, the 
detected synchronous error and data signal error are 
5 stored in F6 . 

In (C) of Fig. 13, an example of a bit- 
string of the alarm information bits of F6 is 
illustrated. Herein, a first bit of F6 (hereinafter 
referred to as F6-1, and the same applying to other 

10 bit- strings) is used as a synchronous bit of the 

alarm information bit, and F6-2 to F6-6 are used as 
the alarm information. For example, F6-2 is used as 
a bit indicating a synchronous error and F6-3 as a 
bit indicating a data signal error. In addition, 

15 other kinds of alarm information can be transferred 
as mentioned above. 

Returning to Fig. 12, the synchronous 
processing portion 314 outputs the above-mentioned 
alarm information to the optical fiber alarm 

20 information display/transferring portion 130. In 
addition, in a case in which a stop signal from a 
later-described optical receiving control portion 
330 is transmitted to the optical-level-detection 
stopping circuit portion 312, the processing of the 

25 electrical signal regulating portion 313 and the 
synchronous processing portion 314 stop. 

As mentioned above, the transmission line 
monitoring apparatus of the third embodiment of the 
present invention can detect a synchronous error and 

30 a data signal error in the optical examination data 
receiving portion 310 by generating an examination 
signal from a data signal. Hence, a transmission 
line abnormality can be monitored by a synchronous 
error, and a transmission line state such as an 

35 inferior state, or the like can be monitored by a 
data signal error. 

Next, a fourth embodiment of the present 
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invention will be described with reference to Fig. 
14. A transmission line monitoring apparatus shown 
in Fig. 14 is basically the same as that of Fig. 2 
except for further having an optical transmission 
5 control portion 320. Accordingly, the same portions 
are given the same reference numerals and a 
description thereof is omitted. 

For example, in a case in which the in- 
house apparatus 24 of the user house 20 does not 

10 support a transmission line monitoring method of the 
present invention, generating an examination signal 
becomes useless. For this reason, the optical 
transmission control portion 320 sends a stop signal 
to the optical signal generator 80 in a case where a 

15 transmission line monitoring apparatus of the 
present invention is not needed. 

A detailed description of the optical 
transmission control portion 320 will be given with 
reference to Fig. 15. The optical transmission 

20 control portion 320 shown in Fig. 15 includes a 

control information detecting portion 321, a pulse 
generator 322, a counter control portion 323, a 
counter portion 324 and a SW portion 325. 

The control information detecting portion 

25 321 detects and transmits a control signal from a 

later-described timer to the counter control portion 
323. The pulse generator 322, based on a clock 
signal and a frame phase pulse signal, generates a 
timing signal for detecting the control signal in 

30 the control information detecting portion 321. 

The SW portion 325 sets a time for 
stopping generation of an examination signal 
according to a manual setting, and then, based on 
the set time, sends a control signal to the counter 

35 control portion 323. In addition, the SW portion 
325 may be set up for stopping generation of an 
examination signal regardless of the set time. 
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The counter control portion 323 controls 
the counter portion 324 based on control signals 
from the control information detecting portion 321 
and the SW portion 325. The counter portion 324 is 
controlled by the counter control portion 323 so as 
to send the optical signal generator 80 a stop 
signal indicating a stop of the examination signal. 

As mentioned above, the transmission line 
monitoring apparatus of the fourth embodiment of the 
present invention can save power by stopping 
generation of an examination signal when the 
transmission line monitoring apparatus is not needed. 

Next, a fifth embodiment of the present 
invention will be described with reference to Fig. 
16. A transmission line monitoring apparatus shown 
in Fig. 16 is basically the same as that of Fig. 2 
except for further having an optical receiving 
control portion 330. Accordingly, the same portions 
are given the same reference numerals and a 
description thereof is omitted. 

For example, in a case where the in -house 
apparatus 24 of the user house 20 does not support a 
transmission line monitoring method of the present 
invention, to generate alarm information indicating 
a transmission line abnormality based on an 
examination signal becomes useless. That is, the 
optical level monitoring portion 120 and the optical 
fiber alarm information display/transferring portion 
130 are needed to be used. For this reason, when 
the transmission line monitoring apparatus of the 
present invention is not needed, the optical 
receiving control portion 330 sends a stop signal to 
the optical level monitoring portion 120 and the 
optical fiber alarm information display/ transferring 
portion 130. In addition, the optical receiving 
control portion 330 has the same construction as the 
optical receiving control portion 320 of Fig. 15 and 
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a description thereof is omitted. 

As mentioned above, the transmission line 
monitoring apparatus of the fifth embodiment of the 
present invention can save power by stopping 
5 generation of alarm information when the 

transmission line monitoring apparatus is not needed. 

Next , a sixth embodiment of the present 
invention will be described with reference to Fig. 
17. A transmission line monitoring apparatus of Fig. 

10 17 is basically the same as that of Fig. 14 except 

for further having a timer portion 340. Accordingly, 
the same portions are given the same reference 
numerals and a description thereof is omitted. 

The timer portion 340 functions to manage 

15 time and sends the optical receiving control portion 
320 a control signal for controlling a start or stop 
of generating an examination signal. The control 
signal controls an interval of generating the 
examination signal so as to make the transmission 

20 line monitoring apparatus of the present invention 
operates at given intervals . 

A detailed description of the timer 
portion 340 is given with reference to Fig. 18. The 
timer portion 340 shown in Fig. 18 includes a clock 

25 portion 341 and a counter portion 342. 

The clock portion 341 generates a clock 
signal and sends the clock signal to the counter 
portion 342. Based on the clock signal, the counter 
portion 342 performs time management, and sends a 

30 control signal to the optical receiving control 

portion 320 as soon as it counts the clock signal 
corresponding to a given time. In addition, when 
supplied with a signal from a later-described 
command detecting portion, the counter portion 342 

35 stops its processing. 

As mentioned above, the transmission line 
monitoring apparatus of the sixth embodiment of the 
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present invention can work at given intervals by 
using the timer portion 340 to control generation of 
an examination signal. Hence, the consumption of 
power used by the apparatus can be reduced. 
5 Next, a seventh embodiment of the present 

invention will be described with reference to Fig. 
19. A transmission line monitoring apparatus shown 
in Fig. 19 is basically the same as that of Fig. 17 
except for further having a command detecting 

10 portion 350. Accordingly, the same portions are 

given the same reference numerals and a description 
thereof is omitted. 

The command detecting portion 350 detects 
an examination control command signal stored in a 

15 predetermined position of a data signal transmitted 
from a host side, and sends a signal obtained based 
on the command signal to the optical receiving 
control portion 320 and the timer portion 340. In 
addition, the examination control command signal is 

2 0 formatted as shown in Fig. 20. 

The examination control command signal of 
Fig. 20 respectively indicates examination 
information in each bit thereof. For example, COl 
indicates a start /stop of a transmission line 

2 5 examination, and C02 indicates a stop of the 

transmission line examination, or a start performed 
at given intervals. Hence, the transmission line 
monitoring apparatus can be controlled on the host 
side . 

30 A detailed description of the command 

detecting portion 350 is given with reference to Fig. 
21. The command detecting portion 350 shown in Fig. 
21 includes a control frame synchronous portion 351 
and a control information DET portion 352. 

35 The control frame synchronous portion 351 

synchronizes an examination control command signal 
with a timing pulse signal supplied from the 
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receiving frame converter 50. Thereafter the 
examination control command signal is transmitted to 
the control information DET portion 352 in which a 
control signal is detected. The control information 
5 DET portion 352 sends the detected control signal to 
the optical transmission control portion 320 and the 
timer portion 340. 

As mentioned above, the transmission line 
monitoring apparatus of the seventh embodiment of 

10 the present invention can use the command detecting 
portion 350 to detect a control signal from a data 
signal supplied by a host apparatus. Hence, control 
of the transmission line monitoring apparatus can be 
performed in a host apparatus. Furthermore, the 

15 transmission line monitoring apparatus of the 
present invention can save power because an 
examination is only performed when the host 
apparatus transfers alarm information indicating a 
transmission line abnormality. 

20 In what is claimed, a first optical 

coupling unit corresponds to the transmitting WDM 
portion 70, a first optical dividing unit 
corresponds to the receiving WDM 2 portion 200, a 
second optical coupling unit corresponds to the 

25 transmitting WDM portion 270, a second optical 
dividing unit corresponds to the receiving WDM 
portion 90, a first examination signal generator 
corresponds to the optical signal generator 80, an 
alarm information output unit corresponds to the 

30 optical level monitoring portion 120, an alarm 

information display/transferring unit corresponds to 
the optical fiber alarm information 
display/transferring portion 130, a second 
examination signal generator corresponds to the 

35 optical examination data generating portion 300, an 
error information output unit corresponds to the 
optical examination data receiving portion 310, an 
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error information displaying/transferring unit 
corresponds to the optical fiber alarm information 
display/transferring portion 130, a first control 
unit corresponds to the optical transmitting control 
5 portion 320, a second control unit corresponds to 
the optical receiving control portion 330, a timer 
corresponds to the timer portion 340, and a command 
detecting unit corresponds to the command detecting 
portion 350. 

10 The present invention is not limited to 

the specifically disclosed embodiments, and 
variations and modifications may be made without 
departing from the scope of the present invention. 
The present application is based on 

15 Japanese priority application No. 11-042290 filed on 
February 19, 1999, the entire contents of which are 
hereby incorporated by reference. 
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WHAT IS CLAIMED IS: 



2L. A transmission line monitoring 
apparatus for monitoring faults occurring in a 
transmission line and in apparatus which are 
connected to the transmission line, said 
transmission line monitoring apparatus comprising: 

a first optical coupling unit which 
couples a down data signal of a first wavelength and 
an examination signal of a second wavelength so as 
to transmit a first coupled signal to a lower 
apparatus ; 

a first optical dividing unit which 
receives said first coupled signal from said optical 
coupling unit so as to divide said first coupled 
signal into said down data signal with the first 
wavelength and said examination signal with the 
second wavelength; 

a second optical coupling unit which 
couples an up data signal with the first wavelength 
and said examination signal from said first optical 
dividing unit so as to transmit a second coupled 
signal toward a host apparatus; 

a second optical dividing unit which 
receives said second coupled signal from said second 
optical coupling unit so as to divide said second 
coupled signal into said up data signal with the 
first wavelength and said examination signal with 
the second wavelength; and 

a monitoring unit which monitors a fault 
and a location of said fault. 
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2. The transmission line monitoring 
apparatus as claimed in claim 1, wherein said first 
optical coupling unit, said first optical dividing 
unit, said second optical coupling unit, and said 
second optical dividing unit are formed of passive 
elements . 



3. The transmission line monitoring 
apparatus as claimed in claim 2, further comprising 
a first examination signal generator which generates 
said examination signal with the second wavelength. 



4. The transmission line monitoring 
apparatus as claimed in claim 3, wherein said 
monitoring unit includes: 

an alarm information output unit which 
monitors a signal level of said examination signal 
with the second wavelength and, if said signal level 
is lower than a predetermined signal level, then 
outputs alarm information; and 

an alarm information 
displaying/ transferring unit which, when said alarm 
information is outputted, displays said alarm 
information and insert said alarm information into 
said up data signal to be transmitted to said host 
apparatus . 



5. The transmission line monitoring 
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apparatus as claimed in claim 2, further comprising 
a second examination signal generator which divides 
an input down data signal into two signals, one 
signal being converted into said down data signal 
with the first wavelength, the other signal being 
converted into said examination signal with the 
second wavelength. 



6. The transmission line monitoring 
apparatus as claimed in claim 5, wherein said 
monitoring unit includes: 

an error information output unit which 
outputs synchronous error information and data 
signal error information based on said examination 
signal with the second wavelength; and 

an error information 
displaying/transferring unit which, when said 
synchronous error information and said data signal 
error information are outputted, displays said error 
information and inserts said error information into 
said up data signal to be transmitted to said host 
apparatus . 



7. The transmission line monitoring 
apparatus as claimed in claim 3, further comprising 
a first control unit which controls a start and stop 
of said first examination signal generator. 



8. The transmission line monitoring 
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apparatus as claimed in claim 4, further comprising 
a second control unit which controls start and stop 
of said alarm information output unit and start and 
stop of said alarm information display/transferring 
5 unit . 



10 9. The transmission line monitoring 

apparatus as claimed in claim 7, further comprising 
a timer for managing said first control unit at 
given intervals . 

15 

10. The transmission line monitoring 
apparatus as claimed in claim 8, further comprising 

20 a command detecting unit which detects a command 
signal included in said down data signal so as to 
manage said first control unit based on said command 
signal . 

25 

11. The transmission line monitoring 
apparatus as claimed in claim 9, further comprising 

30 a command detecting unit which detects a command 
signal included in said down data signal so as to 
manage said first control unit based on said command 
signal . 



35 



J}rl . A transmission line monitoring method 
for monitoring faults occurring in a transmission 
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line and in apparatus connected to the transmission 
line, said transmission line monitoring method 
comprising the steps of: 

(a) coupling a down data signal with a 
5 first wavelength and an examination signal with a 

second wavelength so as to transmit a first coupled 
signal to a lower apparatus; 

(b) receiving said first coupled signal 
and dividing said first coupled signal into said 

10 down data signal with the first wavelength and said 
examination signal with the second wavelength; 

(c) coupling an up data signal with the 
first wavelength and said examination signal with 
the second wavelength so as to transmit a second 

15 coupled signal towards a host apparatus; 

(d) receiving said second coupled signal 
and dividing said second coupled signal into said up 
data signal with the first wavelength and said 
examination signal with the second wavelength; and 

20 (e) monitoring a fault and a location of 

said fault. 



25 
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ABS TR ACT OF THE DISCLOSURE 

A transmission line monitoring apparatus 
includes a first optical coupling unit, a first 
optical dividing unit, a second optical coupling 
5 unit, a second optical dividing unit and a 

monitoring unit. The first optical coupling unit 
couples a down data signal with a first wavelength 
and an examination signal with a second wavelength 
into a first coupled signal. The first optical 

10 dividing unit receives the first coupled signal and 
divides the first coupled signal into the down data 
signal with the first wavelength and the examination 
signal with the second wavelength. The second 
optical coupling unit couples an up data signal with 

15 the first wavelength and the examination signal from 
the first optical dividing unit into a second 
coupled signal. The second optical dividing unit 
receives the second coupled signal and divides the 
second coupled signal into the up data signal with 

20 the first wavelength and the examination signal with 
the second wavelength. The monitoring unit monitors 
a fault and a position of the fault. 
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